A one-pot domino N-arylation protocol is described using diaryliodonium reagents under copper catalysis. The reaction uses both aryl groups of the diaryliodonium reagent to generate triarylamines starting from simple anilines, representing an atom-economical preparation of an important class of organic material building blocks.
arylation of indole with a diaryliodonium salt, for example, can be followed by N-arylation with the liberated aryl iodide to yield di-arylated products. This concept of domino arylation was subsequently demonstrated by Muñiz and co-workers who reported borylation / Suzuki-Miyaura coupling of diaryliodoniums and diboron reagents, 9 and further developed by Jiang and co-workers, who described double arylation of a sulfur salt under copper catalysis to produce diarylsulfides from diaryliodoniums (Scheme 1B and C). 10 Similar double-functionalization ideas have been explored with ArI(OAc) 2 by Dauban and co-workers, and alkynyl iodine(III) derivatives by the Yoshikai and Waser groups. 11 Collectively, these reports demonstrate that aryliodine(III) reagents can be used as powerful arene synthons in a variety of contexts, without having to sacrifice atom-economy. Indeed, by offering the possibility of two transformations from a single reagent, they create new opportunities for streamlined reaction design.
We were interested in further exploring the scope of domino applications of iodonium reagents, and chose to investigate the synthesis of triarylamines (Scheme 1D). Triarylamines are important building blocks in organic electronics, where their electron donor properties and characteristic propeller shapes have seen extensive application in the field of photovoltaics. 12 They are commonly accessed through variants of the Ullman coupling, using excess aryl halide and high temperatures to drive reaction to completion. Synthesis using a single equivalent of iodonium reagent would present an alternative, and very direct route, to their preparation. The groups of Nachtsheim and Wen have described the domino assembly of N-aryl carbazoles through reaction of anilines with cyclic iodonium salts, but the synthesis of triarylamines remains unexplored. 13
Our initial trial reactions examined the coupling of p-toluidine, 1a, with one equivalent of diphenyliodonium triflate, 2a, to give either the mono or di-phenylated products 3a and 5a (Table 1) , using toluene as the solvent of choice. It was apparent that monophenylation was straightforward under both copper-catalysis at room temperature and metal-free conditions at 130 ºC, 14 but there was no trace of the diphenylated product in either case (Entries 1 and 2). Despite the good yields of 3a, a small amount of starting p-toluidine remained in each case, which would potentially complicate the second N-arylation. Switching to the organic base 2,6-di-tert-butylpyridine (DTBPY) gave complete conversion and improved the yield up to 86% (entry 3), and catalyst loading could be decreased to 2 mol% without loss of yield or conversion (entry 4).
With conditions established for high conversions of one equivalent of iodonium reagent in the first Narylation, we turned to the two-step one-pot sequence. Copper-catalyzed N-arylation of weakly nucleophilic diarylamines usually requires a strong base and ligand systemwe initially trialed an addition of CuI (10 mol%), bis (2,6-diisopropylphenyl) diaza-butadiene (DAB) 15 (12 mol%) and KOtBu (2.2 equiv) to the reaction following initial N-phenylation, and stirring at 120 o C for 24 h. The desired N,N-diphenyl-4-methylaniline (5a) could be isolated in 35% yield, but significant amounts of unreacted 3a (42%) were present (entry 5). Increased ligand loading did not improve the yield (entry 6), and a switch to Pd-catalysis for the second step was completely ineffective (entry 7). Using phenanthroline as ligand was initially unsuccessful when paired with K 3 PO 4 (entry 8), but changing back to KOtBu in the presence of 10% CuI, gave good conversions to the product 5a (59% yield over two steps) along with a small amount of 3a (Table 1, entry 10).
Having optimized conditions in hand for the one-pot double N-arylation sequence, we examined the diphenylation of various aniline substrates. A variety of substituents (o, m, p-methyl, o, p-fluoro, pchloro, p-methoxy and m-phenyl) were well-tolerated to give substituted triarylamines in good yields over two steps ( Table 2) . As for p-toluidine, small amounts of the mono-arylated product were isolated as side products in some cases ( Table 2, entries 1, 5-7, 9) . Variously substituted diaryliodonium triflates were employed next, to study the scope of the reagent with aniline. Iodonium reagents containing tert-butyl, fluoro, chloro, methoxy, and methyl reacted smoothly to give the desired triarylamines in good yields (Table 3) , with a single equivalent of iodonium reagent being employed in each case. In terms of limitations, anilines containing strong electron withdrawing groups (e.g. p-NO 2 ) were ineffective, being too deactivated to undergo the second arylation step. Attempts at selective aryl transfer using unsymmetrical diaryliodoniums were also unsuccessful under the current protocol, giving low yields of mixtures of N-arylated material in the first step. (2); then CuI (10) and DAB (12) DTBPY (1.03); then KOtBu (2.2) rt; then 120 12; then 24 42: 35 6 CuI (2); then CuI (10) and DAB (30) DTBPY (1.03); then KOtBu (4) rt; then 120 12; then 24 35: 32 7 CuI (2); then Pd(OAc) 2 (4) and BINAP (8) DTBPY (1.03); then KOtBu (2.2) rt; then 120 12; then 24 62:traces 8 CuI (2); then CuI (5) and 1,10-phenanthroline (6) DTBPY (1.03); then K 3 PO 4 (2.5) rt; then 120 12; then 24 56:traces 9 CuI (2); then CuI (5) and 1,10-phenanthroline (6) DTBPY (1.03); then KOtBu (2.5) rt; then 120 12; then 24 52: 15 10 CuI (2); then CuI (10) A mechanistic pathway for the two step process is set out in Scheme 2, and likely involves a switch in mechanism between the first and second arylation steps. Whilst initial aniline arylation with the reactive diaryliodonium salt 2 proceeds through familiar Cu(I) / Cu(III) oxidative addition / reductive elimination processes, 16 Shyu and co-workers have implicated an electron transfer pathway for the second arylation of N-arylaniline 3 under KOtBu and CuI / phenanthroline conditions. 17 Electron transfer from the potassium complex of phenanthroline and diarylamine D' to aryl iodide 4a generates an aryl radical which can be trapped with the Cu(I)-phenanthroline diarylamine species B'. One electron oxidation by radical cation E' then enables reductive elimination to furnish the triarylamine 5a and regenerate a Cu(I)-phenanthroline species to continue the catalytic cycle.
Scheme 2. Mechanistic pathway for one-pot double N-arylation.
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